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In the field of malignant tumor research it has become 
increasingly evident in the recent years that new investigating 
methods must be worked out before further important advances 
can be expected. The recently devised method of tissue cultivation 
in vitro (Harrison, Burrows) by which we are able to study 
isolated somatic cells, allows to introduce the known and measur- 
able factors into experiments; it may also contribute to an 
important advance of the cancer research, if one could make 
clear biomorphological properties of human tumor cells in such 
a way. 

Furthermore, since it is possible to subject tumor cells, thus 
isolated, to various agencies, it may be suggested that we have 
also in the new method a possible means for solving another 
great tumor problem, namely, the treatment of malignant growth. 
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In the study of human tumors, the method will probably 
fill a great need, since it is not possible to secure the continued 
propagation of human tumors by transplantation, by which only 
tumors of certain lower animals may be pursued. 

Through the kindness of Prof. Dr. Sh. Sekiguchi and of 
his assistants of the surgical clinic, | have been able to make 
many cultures with fresh and small fragments of human tumors 
taken from the patients by their operations and to study the 
growth of the various human malignant as well as benign tumors 
in vitro. I could also research the morphologic characters and 
biological changes of the cancerous and other cells during the 
cultivation. 

History. 

In spite of a large number of experiments in the tissue 
culture of animal tumors, there are very few works with regard 
to the explantation of human tumors. The scantiness of such 
researches must probably be caused by the difficulties to obtain 
fresh suitable materials and proper media. 

For instance many of the human tumors grow out in the 
alimentary tract and before the tumor tissues are innoculated into 
the plasmatic media, they are already infected by the micro- 
organisms which constantly live innumerably in this tract. 

Furthermore, the higher differentiation of human somatic 
cells and the rapid liquefaction of the clotted plasmatic media 
make these experiments more difficult. 

In 1910 Carrel and Burrows made a few cultures in vitro 
with fragments of human sarcomatous tissue taken by operation 
from a woman thirty-five years old. Thirty minutes after the 
exstirpation small fragments of the tumor were cultivated in 
plasma taken from the blood of the patient and incubated. It 
was observed in some cases that after a few days the fragments 
were surrounded by cells, but liquefaction of the medium gener- 


— | 
. 
7 
24 
\ 
\ 


39 


ally occured. The tissues were kept in a condition of survival 
for a few days, but no real cultures were obtained. 

This is the first attempt to culture the human malignant 
tumor in vitro I have ever seen recorded in the bibliography. 

In the next year (1911) they have again tried to make 
cultures of the human tumors in the same manner as above 
mentioned. Three sarcomata and several carcinomata were 
subjected to them; the former consisted of two giant-cell tumors 
and a fibrosarcoma; the latter, one from the lip, and the other 
from the male and female breasts. 

They failed to culture the giant-cell tumors for the reason 
that they caused rapid liquefaction of the medium. The medium 
about the fibrosarcoma underwent partial liquefaction, but as a 
thin and firm clot adhered to the cover-glass, growth was still 
possible. 

Polygonal and spindle-shaped cells wandered into the 
medium and remained isolated and did not produce a new dense 
tissue. 

On the contrary they did not succeed in cultivation of 
carcinomata, for the specimens with which they worked rapidly 
liquefied the plasmatic medium, but some growth was obtained 
from a small carcinoma of the breast. 

Losee and Ebeling (1914) attempted variously to modify the 
medium with the purpose of preventing liquefaction and they 
succeeded at last to keep human fetal tissue, derived from fresh 
cadavers, in a condition of independent life for several generations. 
The medium they employed was composed of equal parts of 
normal human plasma and Ringer’s solution and varying quantities 
of extract obtained from fresh fetal cadavers. 

They attempted then to culture human sarcomatous tissue 
in this manner. Two experiments were made in which fragments of 
human sarcomatous tissues were cultured, but there was also usually 
evidence of slight liquefaction around the primitive fragments. 


extract of the sarcomatous tissue and human serum. 
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The results obtained by them were, that it is possible to 
culture fragments of human sarcomatous tissue in vitro for 
several generations, and they concluded from this experiment that 
the method employed may prove of value in the study of the 
growth of human malignant tumors. 

In 1914 D. Thomson and J. G. Thomson were able to 
obtain some successful growths in vitro of the human ovarian 
papilloma and carcinomatous gland from the neck in a medium 
composed of fowl plasma to which extract of the human tissues 
or extract of chicken embryo, had been added. 

In 1916 Lambert was successful to overcome the difficulty 
of cultivation of human tissue cells by adding to human plasma 
or serum a small quantity of fowl or pigeon plasma, the fibrin 
of which is highly resistent to digestion by tissue ferments. 

Cultures of human tissues as well as human tumors were 
made on the day of removal. A typical mixed tumor removed 
surgically from the region of the parotid gland was cut into 
small pieces and cultured in this manner. Ten cultures put up 
immediately after the operation grew well, showing after two or 
three days’ incubation numerous large cells of irregular shape 
with frequent mitotic pictures. 

Cultures made on the second and fourth day of preservation 
in the ice box, showed similar activity, though in the case of the 
tissue preserved for a longer time there was a longer latent 
period before the migration was observed. 

In another experiment in which a piece of glioma was 
used, some growth was obtained after eight days’ preservation, 
but none after ten days’. 

Recently Kiaer and Fischer cultivated the human glio-sarcoma 
to begin with in a mixture of 20 per cent chicken plasma in 


Later, the same strain of sarcoma was cultivated in chicken 
embryonic tissue juice from young chicken embryos, for about a 
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month, but the result of these experiments is not yet published 


(1925). 
Technique. 


Recent papers on the subject render unnecessary a detailed 
description of the general phenomena of growth in tissue cultures 
and the technique of the method. 

In my cases many of the explants, as previously described, 
consisted of small pieces of human tumor tissues taken from the 
patients by operation, but on the other cases some of the 
explants are derived from fresh cadavers. The cultures are made 
about a half or one hour after excision with the exception of 
these from the cadavers. 

The media employed in these experiments are composed of 
normal human plasma mixed with a half quantity of Ringer’s 
solution and hens plasma. The human plasma was obtained 
from comparatively healthy patients and nurses, and looking back 
upon this fact, I have no words to express my cordial gratitude 
to them. When such plasma could not be got, I have inevitably 
used my own blood for several times. 

During the summer, as the plasma is apt to clot before 
the tumor fragments are incubated into it, the media are mixed 
with a small amount of Heparin according to Craciun’s method. 

In my investigations only the large plate cultures have 
been prepared, but these are not so suitable to make a elaborate 
observation in the living like in the small hanging drop cultures, 
all the specimens were fixed after varying periode of time, then 
stained and investigated in detail. 


Experiments. 


Twenty-six examples of human tumors were subjected to this 
investigation as follows: (Table I). 


. 
2 
- 
- j 
5 
4 


Table I 


Kinds of Tumors | Localities pret | Protocollnumbers 
| neck | 1 | (13) ne ee 
| 9 | 
tongue | 2 | (5), (17) 
| | 2 | (4), 5 
| mediastinum 1 | (19)*) 
Carcinomata cheek 8 | (2) 
skin | (20) 
rectum l | (14) 
stomach 1 (22) や 
oesophagus 1 (16)*) 
thyroid 1 (18) 
anus 1 (25) 
cheek | | (23)*) 
Sarcomata neck 1 (21) 
palate | 1 | (12) 
Fibroadenoma breast 1 (11) 


*) taken from cadavers. 


In some cases, when the explants are taken from the 
metastasis of the neighbouring lymphatic glands, it happend that 
the explants were only the inflammatory lymphatic glands and no 
tumor cells could be found in them. 

In addition to these mistakes, the infection of the incubated 
fragments and the liquefaction of the media made only the following 
twelve cases possible to be investigated among twenty-six examples. 

Serie I, consists of nine carcinomatous cases, among them 
one from the neck (case 13), three from the female breast 
(cases 8, 9 and 10), one from the tongue (case 17), one from the 
mediastinum (case 19), one from the rectum (case 14), one from 
the oesophagus (case 16) and one from the thyroid (case 18). 
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Serie II, only two sarcomata are employed, one from the 
palate (case 12) and the other from the neck (case 21). 
Serie III, one fibroadenoma from the female breast (case 


11). 
Results. 


In the first stage of cultivations I have frequently reco- 
gnised that remarkable necrosis took place on the peripheral 
part of the explanted pieces, what undoubtedly is due to the 
mechanical stimulus by cutting off. Further, in some specimens 
I have also observed that the whole primitive fragments became 
entirely necrotic from the beginning of the cultivation and 
stained homogeneously. 

Such severe necrosis has been observed only when the 
primitive fragments were infected by the microorganisms or when 
the materials were excised from the central necrotic part of the 
tumors or when they were taken from the cadavers kept for a 
very long time after death. 

With the exception above mentioned, I have been able to 
cultivate the various human malignant as well as benign tumors 
outside of the body, even though some of them have shown no 
active growth or no real cultivation of tissues according to the 
definition of Carrel and Burrows, but only a survival of tumor 
cells. 

The outline of the results of my cultural and histological 
investigation upon the human tumor cells is as follows (Table I). 


Serie I. Carcinomata. 


A. Carcinoma with myxomatous stroma (case 13). 


At first I will describe a very peculiar case of carcinoma 
removed from a man’s neck, the stroma of which appears just as 
the myxoma. The stroma being pretty abundant consists also of 
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Table 


Kinds of tumors | 


Carcinomata 


Sarcomata 


Fibroadenoma 


Remarks :— 


| 

| | 
Localities | 

| neck | 
| breast 


breast | 


breast | 


tongue | 


| 

| 
| 
| mediastinum 


breast 


0— No specimens are 


incubation. 
— — No regeneration of tumor cells is to be found. 
+ — Regeneration of tumor cells within the original fragment. 


| No. of | After the ei 

protocoll | excision 1 2 3 5 

(13) 307 | ste |) | SHE 
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(10) 18” 
an | 4 
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Microscopic properties of original tumors 


| 10] 12! 15| 20 | typ of tumors stroma 
ug | squamous, building | pretty abundant, 
| 0 | | | pearls myxomatous 
| 0 0 | _ | 0 | scirrhous | abundant 
| partly adenocar- 
| —| —|0 | cinoma, mostly abundant 
| scirrhous 
partly scirrhous, mostly dense fibrous 
| | partly medullary 
iia ee squamous, building not much abundant 
| 0 pearls | but dense fibrous _ 
| | || mostly medullary, | dense fibrous not 
| 0 ー| + | partly scirrhous abundant 
| == | 0 = 0 | simple very poor 
| medullary, partly | 
= | 0 0 0 _ scirrhous | fibrous, poor 
seirrhous, partly | dense fibrous, but 
ー| 0 | = 0 dull . 
= | 0 ie | spindle-shaped cells | poor 
— | — = — 
| 0 44) shmall round cells | very poor 
| I_ N | —__| 
| growing in intra- | pretty abundant with 
0 0 canalicular papillary myxomatous appea- 


form 


++-- The proliferation of tumor cells on the margin of original 


fragment. 


++ — The active proliferation of tumor cells into plasmatic medium. 


*) 


Taken from the cadavers. 
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homogeneous intercellular substance which is stained blue by 
hematoxylin and of somewhat scattered epithelial cell masses. 
These cells often present a stellate appearance with long branching 
cytoplasmic processes or they are spindle shaped and mostly 
arranged in alveoli being surrounded by the stroma mentioned. 
Almost in every alveolus there appear one or more pearls. All 
microscopic features just described suggest that it may be a 
mixed tumor of squamous epithelioma and myxoma, though in 
today’s knowledge of pathology such a combination as a real 
mixed tumor is generally not accepted. The results of the 
cultural investigations differ also from those of other carcinomata. 

In 1916 Lambert was successful in cultivating a typical 
human mixed tumor, but there has been no detailed description 
on the morphological thanges and characteristics of these tumor 
cells. 

On the first day of explantation the tumor cells exhibit 
nearly the same appearance as that of the original uncultivated 
fragment, and no degenerating process is to be seen. In some 
culture examples, however, there appear within the fragment a 
few long spindle shaped cells which can by no means be mor- 
phologically cells of the connective tissue but of the cancer 
epithel. They do not arrange in alveoli but sometimes in a 
slightly curved line. 

On the second day the mixomatous cells are slightly 
degenerated and on the third both myxomatous and _ epithelial 
cells have more and more declined. 

Some of the epithelial cells on the periphery of the ex- 
planted piece, however, indicate a great activity tending to the 
proliferation into plasmatic medium. 

On the fifth day many of the epithelial cells invade in groups 


the plasmic medium neighbouring directly, but the myxomatous 
cells do not so at all. Mitotic pictures are often seen in and out 
of the original fragment. On the other hand the stroma as well 
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as the epithelial cancer cells within the fragment undergo mucous 
degeneration. 

It is very interesting to see that these cells wandering in 
the plasma in groups arrange in the form of a normal sebaceous 
gland or of a hair matrix and their central portion presents 
often a beginning formation of pearls. 

On the seventh day the microscopic appearance of cells 
wandering into plasma and staying in the explanted fragment is 
almost the same as that of the fifth, but they undergo further 
degeneration and their nuclei are also pyknotic and stained very 
deeply. 

The stroma cells having lost their nuclei melt down and 
build often irregular cysts. 

While the cancer cells in the center of some alveoli undergo 
colliquation or seldom mucous degeneration, there appear new 
proliferated epithelial cells surrounding partly the alveoli. 

The liquefaction of the medium occurs very slightly around 
the new cell groups on the fifth and the seventh day of incuba- 
tion. 

On the tenth day the degeneration of all the tumor cells 
has progressed, especially severe in the central portion of the 
explanted fragment. 

Though such necrotic process has advanced with the day 
of incubation, I could recognize some degenerating but yet living 
glandular cells on the margin of the old fragment even on the 
twentyth day (fig. 1). 

$ Characteristic growth of the tumor. 

In the explantation of this tumor the proliferation of cells 
takes place already after 24 hours, but most evidently on the 


fifth day of incubation, when they begin to invade the surroun- 
ding medium, and it is somewhat later comparing with that of 


Lambert's. 
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Of course the elementary cells of different kinds composing 
the human mixed tumors proliferate naturally into plasma after 
a different latent period of explantation. 

The myxomatous cells in my case show only degeneration 
without any signs of regeneration through the whole observation. 
This may probably be due to their own mucous degeneration, 
by which the energy for active outgrowth is almost lost. 

On the contrary the epithelial cells exhibit some characteri- 
stic growth ; namely these cells proliferate into plasma in groups 
always in connection of cells to the original fragment, arranging in 
a form of sebaceous gland or, in some cases more of hair matrix. 

In other cases, however, these epithelial cells do not assume 
the glandular arrangement, but they are disorderly arranged 
side by side forming of a germ-like proliferation into plasmatic 
medium (fig. 1). 

With the progress of retrograde changes the epithelial cells 
are especially disorderly arranged in the old explanted piece. 

Mitotic pictures are only observed in the epithelial cells. In 
this case they do not, however, build a dense new tissue in the 
plasma like in other cases of carcinoma cultures. 


Serie I. B. Some usual carcinomata. 


From the first stage of the explantation of carcinoma cells 
there is more or less liquefaction of plasmatic medium around 
the original fragment, especially there, where the carcinoma cells 
begin to migrate, it seems to be more severe. 

If the materials are taken from the cadavers kept for a 
long time after death, the liquefaction of medium takes place 
most severely, as if they were infected by microorganisms, but 
no colonies are macroscopically and microscopically to be found. 

As soon as liquefaction takes place, all connections between 
the original fragment and new growth is broken off and on 
account of this change of the medium all further outgrowth from 
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the explant is impossible. When only slight liquefaction occurs, 
growth of new cells manifests itself after varying periods of 
incubation. 

During the first twenty-four to forty-eight hours after 
incubation there is usually no evidence of active growth of 
carcinoma cells, even though there exists a flourishing regenerative 
process or survival condition in the original fragment. In other 
words, there is no migration of human carcinoma cells into 
plasmatic medium within forty-eight hours after preservation. I 
would style this period as a latent period of human carcinoma 
cells in vitro. 

On the third day, however, the cultures show high activity 
and numerous mitotic pictures are to be seen. 

For example, by cultivation of carcinoma from the female 
breast (case 8) the fusiform tumor cells spread out in groups on 
the margin of the original fragment and the medium around them 
was considerably liquefied (fig. 2 and fig. 3 of case 9). In the 
other case of breast carcinoma (case 10) nearly the same findings 
were to establish (fig. 4). Further, by the carcinoma from the 
tongue (case 17), the cancer cells grew out not only on the 
margin of the explanted piece but far into plasmatic medium, 
and some of them built new dense tissue in it (figs 5, 6 and figs 
10 and 11 of carcinoma of rectum, case 14). 

No visible connection of cells between the explant and new 
growth of cancer cells has been found. 

The microscopic findings of carcinoma from thyroid (case 
18) on the third day were nearly identical with that of tongue 
(fig. 9). 

Such an active outgrowth of carcinoma cells, though some- 
what varied in details, was on the whole almost analogous with 
that of the fifth day’s. All the regenerative process had gradually 
declined and on the seventh day the degenerating process had 
remarkably advanced, the carcinoma cells withered and most of 
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their nuclei became necrotic too. 

During third to fifth day of incubation the active outgrowth 
of the carcinoma cells had already reached its height. 

I would, then, name it as a period of active outgrowth of 
human carcinoma cells in vitro. For that reason it must be 
chosen such a period to make any subcultures for several 
generations. 

Against to this, the next stage following to the seventh 
day shall naturally be called the period of degeneration of human 
carcinoma cells in vitro. In fact, I could hardly observe any 
signs of activtty of carcinoma cells in the explant as well as in 
the plasmatic medium during this period. 

With surprise I could observe that the carcinoma cells from 
oesophagus (case 16) kept for fourty hours after death, had 
indicated their livelihood even on the twentyth day of incubation 
without any subcultures for generations, and still more the nuclei 
in some cases underwent mitotic division in the old piece (figs. 
7 and 8). 

The carcinoma cells, thus cultivated, without regard to the 
severe necrosis and homogeneous stain of the explanted piece, 
could survive and keep their fine construction for a very long 
time in the culture. 

Such a fact has been shown conclusively in a large number 
of experiments and that is the most important point of the 
morphologic characters of carcinoma cells. 

$ Characteristic growth of human carcinoma cells. 

In reference to the characteristic growth of animal carcinoma 
cells many investigators have described the general conclusions 
upon the nature based upon the observation of cells cultivated 
under artificial conditions. 


Lambert and Hanes have recognized that the outgrowth of 
carcinoma cells can be obtained in normal plasma and even in 
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plasma from alien species, with the characteristic sheet-like exten- 
sion of the cancer cells, with several groups in the fibrin mesh- 
work beyond the advancing border. 

Lambert has further pointed out that the epithelial cells 
of all kinds, normal or neoplastic, tend to spread out in sheets 
or groups. 

Recently Fischer and Laser, dependently or independently, 
have several times shown the same fact about the animal 
carcinoma cells. 

In spite of a great number of such descriptions upon the 
nature of animal carcinoma cells, there is almost no observation 
in regard to that of human cancer cells. 

According to my results the human carcinoma cells in the 
explanted fragment, differing more or less from each other, are 
hardly able to escape from the retrograde changes in a certain 
degree in all cases. 

But the degree of the change is much slighter than that 
of the stroma cells; that is, I have often observed that the 
carcinoma cells, notwithstanding the severe necrosis and the 
homogeneous stain of the connective tissue cells, show the most 
vigorous activity and very often the mitotic division in them. 
(figs. 3 and 5). 

Not only I but also Fischer has observed the same fact in 
his culture of mouse carcinoma cells, in which the cancer cells 
had annihilated the homologeous fibroblasts contrary to normal 
epithelial cells. In conformity with such a characteristic nature 
of carcinoma cells, it shall be enough to explain their capacity 
for unlimited growth in the body. 

That the carcinoma cell is a particularly hardy cell, and 
that his malignancy is due in some measure at least to this 
property, is in the first place a popular notion. 

This idea has, indeed, received some support from studies 
on the resistance of certain rat and mouse carcinomata to 
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freezing and to toxic chemical substances by Jensen, Gaylord, 
and Salvin-Moore etc. 

On the contrary Ribbert has called attention to the tendency 
of carcinoma to necrosis, maintaining that cancer cells are very 
susceptible to injuries of many kinds, and that this state of low 
vitality is referable to their poor vascularization. 

Lambert is also inclined, in accordance with the results of 
his own experiments, to endorse the view that the animal car- 
cinoma cell is a cell of relatively low resistance. 

I would, based upon my _ investigation, assert that the 
human carcinoma cells are resistanter against the changes in food 
supply and environment than the stroma cells at least in the same 
explanted fragment and in the first stage of cultivation. 

But I have often seen in some specimens that the furious acti- 
vity of connective tissue cells occurs firstly at the late stage of in- 
cubation and after the necrobiosis of a great part of the tumor cells. 

Furthermore the nature of carcinoma cells which migrated 
into plasma differ fairly with that of stroma cells. 

Of course it is rather impossible to make direct observation 
in the living with regard to the movement of each tumor cell, 
since the culture method is not, as before mentioned, that of the 
hanging drop culture. 

Comparing with stroma cells, the carcinoma cells have 
generally proliferated out in earlier stage and migrated further 
into plasma than the former. Namely on the third day of in- 
cubation I have often seen the migration of tumor cells, when 
no fibroblasts are to be found in plasma. 

But the liquefaction of medium takes place around the 
explanted piece and the carcinoma cells are prevented to outgrow, 
they tend to spread out in sheet-like form, only one cell in 
thickness on its margin or they are interposed from the original 
fragment by the liquid plasmatic medium standing in a row 
(figs. 1, 5, 6, 7 and 8). 
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In the latter case carcinoma cells assume a special ring-like 
form around the explanted piece. But when only slight lique- 
faction of medium occurs, the proliferation is more lively and they 
spread out in groups into plasma (figs. 10 and 11). 

On this occasion I have seen some connection of tumor 
cells between new growth of tumor cells and the original frag- 
ment on the one hand, and some times there is no cell connec- 
tion between them on the other. 

However it is not supposed, that many carcinoma cells move 
in one group through the plasma, carcinoma cells may individually 
migrate far into it by their own motility and may build such a 
group of tumor cells here. 

I have in fact often seen a single cancer cell in plasma 
apart far from the original fragment, that means, it has a great 
motility of its own. 

This fact probably throws light on the mechanisms of the 
invasive growth and spread of carcinoma in the body. It is not 
necessary to regard the formation of metastatic tumor nodules 
always as a result of the passive transportation of cells from a 
primary tumor by only the blood or lymph stream, when the 
cells may easily get from place to place by their own powers 
of locomotion. 

The nuclei of tumor cells undergo in some good conditions 
mitotic division in and out of the old piece. I have been able 
to demonstrate in the cultures, that most of young tumor cells 
are round or oval, big and rich in vacuoles and that they often 
show cytoplasmatic processes. 

The nuclei of the young daughter-cells are always stained 
deeper than these of the old resting cells. 

Any regenerative life conditions of cancer cells are no more 
seen after the seventh day of incubation. 


Serie Il. Sarcomata. 
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Only two human sarcomata were subjected to this cultiva- 
tion. They consist of one spindle-cell sarcoma from the palate 
(case 12) and one round-cell sarcoma from the neck (case 21) 
treated with X-Rays for several times. 

A very long time passed (19 and 21 hours) before they 
were explanted, as the human plasma was hardly able to obtain 
just as it was wanted. 

Accordingly the result of experiment probably may worse 
than that of the original sarcoma. 

1) Spindle-celled sarcoma from the palate. 

As the specimens are only few, they were not investigated 
within twenty-fourth hour of incubation, but on the second day 
of preservation the tumor cells in the primitive fragment indicated 
so good conditions ‘of life as that of the original uncultivated 
tumor cells. 

The spindle-shaped sarcoma cells wander out single or in 
form of a loosely connected chain, even if not so abundant in 
number, through the plasmatic medium, and their nuclei are long 
oval and rich in granules (fig. 12). 

The liquefaction of medium occurs always more or less 
evidently around the migrated tumor cells and explanted fragment. 

Out of this reason the tumor cells are extremely disturbed 
in their growth. 

But on the third day the retrograde changes made rapid 
progress in cultures, especially severe in these sarcoma cells 
proliferated into plasma. The tumor cells have shrunk and 
have lost their cytoplasmatic branches, became almost round; 
their nuclei are also pyknotic and are stained deeper than ever 
(fig. 13). 

Naturally most of tumor cells and stroma cells in the 
original fragment are undergoing degeneration too and some of 
them go so far as to necrosis. 

On the fifth day of incubation, in spite of the severe 
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necrosis and homogeneous stain of other kinds of cells in the 
original piece, many of the sarcoma cells show a certain activity, 
but the proliferation of tumor cells can no more be observed. 

On the seventh day such morphologic changes become more 
and more remarkably and I can only see a few living tumor celis 
in the old fragment. Further, after ten days of incubation, all 
kinds of cells became entirely necrotic and any living cells were 
no more found. 

2) Round-cell sarcoma from the neck. 

This tumor was treated with X-Rays for several times on 
account of impossibility for an operation. For this reason or not, 
the nuclei of all cells seemed to be rather pyknotic from the first 
stage of explantation. 

It is characteristic that the liquefaction of medium and also 
retrograde changes of the periphery of the original fragment, which 
should occur in most of the cultures, takes place very slightly. 

On the first day of incubation the tumor cells in the 
primitive fragment show, even though some of them undergo 
rather degeneration, the flourishing condition of activity, are espe- 
cially manifested in these standing on the periphery of the explant. 

The microscopic appearance of the second day is almost 
identically with that of the first; only the central portion of the 
fragment has attracted a little attention by a slight retrograde 
process. 

But the migration of tumor cells into plasmatic medium is 
not yet observed. The degeneration of cells advances more and 
more on the third and on the fifth day of preservation, while on 
the seventh day I can see some spindle-shaped cells wandering 
out through the plasma, which have appearance and character 
of the fibroblasts (fig. 14). 

Besides them there can also be found some round cells on 
the margin of the fragment, which may be sarcoma cells, but 
almost no liquefaction of medium occurs around them. 
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On the tenth day I can also see many of such cells 
proliferated into the plasma. 

In spite of the further migration of spindle-shaped cells 
from the explanted piece in chains, the round cells tend to 
spread out single or in groups near around it. 

But these cells are somewhat faded and all their nuclei 
are pyknotic and rich in vacuoles in their cytoplasma. 

The degeneration process has advanced in the specimens 
of the fifteenth day and there can be seen bad condition of 
tumor cells only in the periphery of the primitive fragment, and 
in the central part no living cells are found. 

However even on the twentyth day, I was able to see a few 
pyknotic but living cells on the margin of the old fragment. 


$ Characteristic growth of human sarcoma cells. 


It has been said that the human sarcomatous tissues are 
more easily to be cultivated than the human carcinomatous tissues. 
and in fact some investigators have reported about a successful 
cultivation of them. 

Nevertheless there are almost no detailed description in 
reference to the characteristic growth of human sarcoma cells in 
vitro. 

However, on the contrary, with regard to that of animal 
sarcomatous tissue cells, as in animal carcinoma, many investiga- 
tors, for example, Lambert, Fischer, Carrel, Burrows, Lewis and 
Drew have observed the characteristic nature of growing sar- 
comatous cells. 

They have concured in their opinions that the sarcomatous 
tissue grows in conformity to a type which may be regarded as 
characteristic for tissue of mesenchymal origin and that the 
growth of sarcoma cells in vitro consists in ameboid wandering 
into the surrounding plasma, karyokinetic proliferation, and 
evidences of active metabolism on the part of the cells. 
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The characteristics of growth in vitro of human sarcoma 
cells, based upon my investigation, are almost identically with those 


of the animal. a 
But even in the human tumors, the spindle-shaped and the “ 
round-cell sarcoma cells cultivated in vitro differ essentially in “ 


their manner of growth. 

Namely the spindle-shaped sarcoma cells migrate single or 
in form of loose chains into plasma already on the second day 
-of incubation. 

If the specimen explanted only on the first day of incubation 
is examined I was probably able to see some tumor cells passing 
into the plasma. However it may be, it is sure that the spindle- 
shaped sarcoma cells wander into plasma in earlier stages of 
explantation than the carcinoma cells. 

Such findings coincide also in the fact that in the culture 
of the animal sarcoma cells there is practically almost no latent 
period and they begin to migrate within a few hours after 
incubation. 

Furthermore the human sarcoma cells seem to have a 
great motility of their own. With regard to this point I have 
emphasized the ameboid wandering of the cells into plasma. 

The cells lying compactly massed in the original piece of 
tissue, with the normal vascular food supply interrupted, are 
most unfavorably situated for obtaining nutriment. 

It is in response to the demands for food, I think, that 
the cells migrate into the plasma, which is filled with an abundant 
nutrient material. 

I would point out, that such a great motility shown by 
growing sarcoma cells, offers a very reasonable explanation of 
the infiltrative growth of malignant tumors in the body. 

The sarcoma cells which passed into the plasma, examined 
with the high enlargement under the microscope, are all longer 
than these in the original fragment, and spindle-shaped with the 
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cytoplasm forming thread-like prolongation from each end, which 
extends for great distances into the plasma. 

These attenuated processes seem usually to terminate in 
several small prickles. The nuclei are in the middle of the cells, 
and are ovoid in outline or distinctly fusiform. Typical karyo- 
kinetic figures are not common in the growing sarcoma cells. 

The liquefaction of plasmatic medium has more or less 
occurred around the migrating tumor cells and the explanted 
fragment, so that the new cells can not proliferate further at 
all and they must then begin to disintegrate gradually. 

The cytoplasm of wandering cells exhibits very early small 
highly refractile droplets, which may be regarded as fat. These 
droplets increase in number with the age of cells, until the 
cytoplasm is often literally packed with them. I would regard 
these granules as an evidence of degeneration. 

The round-cell sarcoma differs, as above mentioned, fairly 
from the spindle-shaped in the manner of growth. 

Tho former cells tend even in the first stage of incubation 
to degenerate and first long latent period, they begin to migrate 
into the plasmatic medium very slowly. 

This probably may be due to the effect of the X-Rays, 
which was used for treatment, or to the nature of the cells. 

These sarcoma cells wandering into plasma present two 
fairly distinct morphological types. One is long and spindle-shaped 
and the other is round in outline or irregular in shape. 

The former predominates greatly in actively growing cultures 
and migrates at a distance from the original piece into the 
plasma. 

The latter on the contrary is inferior to the former in his 
activity and can hardly wander only in the envirous around the 
original fragment. 

I can not understand why such two types of cells are 
presented in the culture. 
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It is also impossible to tell in a growing culture of human 
sarcoma which cells were originally stroma cells and which were 
sarcomatous. 

Since, however, all the cells of the explanted tissue may 
show the phenomena of growth, the question is one of secondary 
importance. 

Both stroma and sarcoma cells are of mesenchymal origin, 
and both probably conform to the same type of growth. 

In spite of long latent period and degenerative process the 
tumor cells show their activity is a certain degree even on the 
twentyth day of explantation. 


Serie III. Fibroadenoma from the female breast (case 11). 


The original tumor fragments are explanted twenty hours 
after excision. 

The microscopic appearance of the tumor cells on the 
second day of incubation is almost identically with that of the 
original uncultivated tumor tissue. Especially the adenomatous 
cells exhibit the most flourishing condition of life and still carry 
on their function. 

On the third day the activity of these cells is more and 
more manifested and these lying near the margin of the original 
fragment grow out luxuriantly and cover the edge of it partially 
in one seam. 

On the fifth day the liquefaction of medium occurs around 
the explanted piece somewhat severely so that the tumor cells 
can not further proliferate into the plasma. 

Moreover some of the tumor cells in the original fragment 
show evidently the retrograde process, especially manifested in 
the fibromatous cell. 

But most of the adenomatous cells continue still to regenerate 
themselves. 

On the eighth day the adenomatous cells surrouuding the 
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surface of the explanted piece have fairly declined, and their 
nuclei are pyknotic, but few mitotic divisions of these cells are 
somewhere recognized. In some specimens on the same preser- 
vation few long and spindle-shaped cells (fibroblasts) proliferate 
into the plasma. 

On the fifteenth or twentyth day the central portion of the 
original fragment falls into necrosis and stains almost homogen- 
eously. 

Even in this stage of incubation the explant is for the 
most part covered with degenerated but living cells in one seam 
(fig. 15). 


$ Characteristic growth of the human fibroadenoma cells. 


The cultivation of human fibroadenoma cells is perhaps 
never undertaken up to the present day. 

In this observation the fibromatous cells differ remarkably 
with the adenomatous cells in the manner of growth. 

The former is naturally of mesenchymal origin and based 
upon the present investigations, tends to grow out easily into 
plasmatic medium. In my cases, however, they are rather 
degenerative from the first stage of cultivation and finally on the 
eighth day there can be seen a few fibroblasts wandering into 
the plasma. 

This may probably in part due to the liquefaction of 
medium and in part to the veil-like cover of the original fragment 
with the outgrowing adenomatous cells. 

But as the fibromatous cells do not show any regenerative 
processes even in the explant from the beginning of the preser- 
vation, there may be some another reasons for that besides that 
above mentioned. 

On the contrary the adenomatous cells exhibit the most 
flourishing condition of life from the first stage of explantation. 
They have luxuriantly grown by mitotic division in and out of the 
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explant. 

It is characteristic in the manner of the growth that they 
never grow single into the plasma, but tend to cover the original 
fragment continuously in one seam, that is, they show only a 
superficial growth and not a solid one in the cultures (compare 
fig. 15). 

I think this may surely be the nature of the adenomatous 
tissue cells. 

It is well known that in a gland the regeneration of 
glandular cells, as in that of epithelia of mucous membranes, 
takes place only in the fundus. For that reason all the regene- 
rative processes occur less actively in the proliferated cells than 
in these lying near the fundus. 

In some specimens I can see a reasonable secretion pro- 
duced by the proliferated glandular cells around the explant in 
the plasmatic medium; what ought to be a direct evidence of 
cellular function. 


CONCLUSIONS. 


1) The human malignant as well as benign tumor cells, 
for example, carcinoma, sarcoma and fibroadenoma, are able to 
be cultured in artificial media. 

2) The manner of their growth in vitro conforms with that 

of animal tumors. 
3) The human carcinoma cells grow in sheets or groups, 
and further they can also migrate single into plasmatic medium 
by their own motility; their latent periods are nearly three days 
after incubation. 

4) The human sarcoma cells proliferate in general single 
or in loose chains; the spindle-shaped sarcoma cells can more 
easily be cultivated in artificial medium than round-cell sarcoma 


cells. 
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5) In the cultivation of a carcinoma with myxomatous 
stroma the tumor cells are different from each other after the 
kinds of elementary cells in the manner of growth; the epithelial 
cells exhibit their activity more vigorously than the stroma cells. 
6) In the culture of human fibroadenoma cells, the adenoma- 
tous cells never grow single into plasma, but spread out in one 
seam on the surface of the explant and of the liquefied medium. 
The fibromatous cells can hardly show any signs of regeneration. 
7) The liquefaction of plasmatic media occurs more or less 
around the original fragment er proliferating cells. 
8) Therefore the method of tissue cultivation in vitro is 
also well adapted to the study of human cancerous cells. 
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Description of Plates. 
Plate VI 

Fig. 1. Case 13, carcinoma with myxomatous stroma removed from a 
man’s neck. 20 days after explantation. The cancer eells proliferate 
into the plasmatic medium in form of chains. 

Photomicrogram; Obj. 16 m.m., Homal I of Zeiss, camera length 
15 c.m. 

Fig. 2. Case 8, carcinoma of a female breast; at third day of incubation. 
The cancer cells of a small alveoli and endothelial cells of blood 
capillaries begin to proliferate. 

Photomicrogram; Obj. 8m.m., Homal I of Zeiss, camera length 

Fig. 3. Case 9, adenocarcinoma of female breast, on the third day of 
incubation. The adenoma cells show mitotic pictures. 
Photomicrogram; Obj. 8m.m., Homal III of Zeiss, camera length 
25 c.m. 

Plate VII 

Fig. 4. Case 10, carcinoma of a female breast, on the fifth day of 
incubation. The proliferated cancer cells are grouping also in 
alveoli. 

They show characteristics of the medullary cancer on one hand 
but also of squamous epithel on the other hand. 
Photomicrogram; Obj. 8 m.m., Homal III of Zeiss, camera length 
30 c.m. 

Fig. 5. Case 17, carcinoma of tongue, on the third day of incubation. 
The large round cancer cells are proliferated at the margin of 
the original fragment. Some of them enter already the surround- 
ing plasmatic medium. One of them shows mitotic pictures. 
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Plate X 


Fig. 13. 


Plate VIII 


Fig. 12. 


Photomicrogram; Obj. 8m.m., Homal IH of Zeiss, camera length 
40 c.m. 

The same case on the fifth day of incubation. The cancer cells 
invade the plasmatic medium in form of a long chain. 
Photomicrogram; Obj. 8m.m., Homal III of Zeiss, camera length 
30 c.m. 


Case 16, carcinoma of oesophagus from a cadaver, on the third 
day of incubation. Some of the long spindle-shaped cancer cells 
invade the surrounding plasmatic medium. 

Photomicrogram; Obj. 8m.m., Homal III of Zeiss, camera length 
45 c.m. 

The same case on the fifth day of incubation. Nearly the same 
picture. The cancer cells have very much elongated themselves. 
Photomicrogram; Obj. 8m.m., Homal I of Zeiss, camera length 
16.5 c.m. 

Case 18, carcinoma of thyroid gland on the third day of incubation. 
Some cancer cells have already wandered out into the surrounding 
plasmatic medium but their connection with the original fragment 
has been interrupted through the. liquefaction of the medium. 
Photomicrogram; Obj. 8 m.m., Homal I of Zeiss, camera length 


30 c.m. 


. Case 14, carcinoma of rectum, on the seventh day of incubation. 


A cancer cell group invades the surrounding medium. Photomicro- 
gram; Obj. 8m.m., Homal III of Zeiss, camera length 30 c.m. 


. The same case on the same date of incubation. A cancer cell 


group invades wider the surrounding medium as in fig. 10. 
Photomicrogram; Obj. 8m.m., Homal III of Zeiss, camera length 
33 c.m. 

Case 12, spindle-shaped cell sarcoma of the palate, 48 hours after 
explantation. The sarcoma cells have already wandered out into 
the surrounding plasmatic medium which, however, is liquefied 
around each sarcoma cell or cell group. 

Photomicrogram; Obj. 8 m.m., Homal III of Zeiss, camera length 
28 c.m. 


The same case as in fig. 12, on the third day of incubation. The 
sarcoma cells are proliferated very abundantly; the liquefaction of 
the medium at margin is very evident. 
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Photomicrogram; Obj. 16 m.m., [omal I of Zeiss, camera length 
23 c.m. 

14. Case 21, round cell sarcoma of the neck, on the seventh day of 
incubation. The proliferated cells in the original fragment are 
pretty polymorphous. 

Photomicrogram; Obl. 8 m.m., Homal III of Zeiss, camera length 
35 c.m. 

15. Case 11, fibroadenoma of a female breast, on the twentyth day of 
incubation. Not only the margin of the original fragment but 
the margin of the liquefied medium is covered by the new proli- 
ferated adenoma cells. 

Photomierogram; Obj. 8m.m., Homal III of Zeiss, camera length 
IS c.m. 
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Abstracts, 


Contribution of the Pathology of Heterotrans- 
plantation of Tumor. A Duck Sarcoma 
from Chicken Sarcoma. 


By 


Prof. A. Fujinami and Dr. S. Hatano. 
(Pathological Institute, Imperial University of Kyoto.) 

The present report forms a sequel of the Report of last year (Fuji- 
nami and Suzue, ‘Contribution of the Pathology of Tumor Growth. 
Experiments on the Growth of Chicken Sarcoma in the Case of Hetero- 
transplantation ”.),*) and deals only briefly with some of the results obtained 


since the previous Report was made. 


I. 


Heterotransplantation of tumor usually yields nega- 
tive results. All of our experiments in the heterotransplantation 
of chicken sarcoma to ducks had been until last year as 
unsuccessful as similar experiments made by other investigators, 
when we had the satisfaction of obtaining positive results. When 
these positive results were reported upon last year, however, our 
investigations had not yet extended beyond the 5th-6th genera- 
tions. As it often happens that tumors growth ceases in a few 
generations after heterotransplantation of tumor has temporarily 
shown positive results, we were at the time rather doubtful 


*) Transactions of the Japanese Pathological Society. Vol. XVIII, p. 616. 
1928. 
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whether the positive results then secured would prove permanent. 
For this reason, we took care to note in our previous Report : 
“If its ability to be transplanted and to grow so largely continues 
for the future, we shall clearly recognize the existence of such a 
chicken sarcoma that can be adapted perfectly to duck”, and 
also “ then it can be said that we have succeeded in transmuting 
a transplantable chicken sarcoma (myxosarcoma) into a trans- 
plantable duck sarcoma”. The experimental investigations 
which we have carried on during the past year, however, estab- 
lished the success of this heterotransplantation. All experiments 
that have subsequently been made in sarcoma transplantation 
from duck to duck have invariably produced positive results, and 
the ratio of positive transplantation was almost 100 per cent. 
The growth of the implanted tumor was also very active and 
rapid. Again, the figure of tissue morphology and character 
accorded almost always with that of the original tumor (though 
on rare occasions some slight difference occurred). Furthermore, 
it was found that this tissue develops necrosis less marked as 
compared with the tumor of chickens. The fact that practically 
all ducks bearing implanted sarcoma get emaciated and die testi- 
fies conclusively to the successful transplantation of malignant 
tumor. 

Inasmuch as implanted sarcoma makes particularly speedy 
growth in the body of the duck, transplantations could be effected 
in rapid succession, and up to the present since January last 
year, forty generations have already been experimented upon. 
Moreover, the results so far obtained show no sign of impaired 
vitality, and so it is believed that transplantation can be continued 
permanently with as much success as hitherto. 

Thus we have secured the transplanted tumor in the shape 
of duck sarcoma converted from chicken sarcoma. 

This duck sarcoma could be transplanted not only to young 
ducks but to full-grown ducks also, with the same measure of 
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success. It is true that some slight difference was observable in 
the degree of growth, but in both cases of transplantation the 
growth of tumor was active. 

The ratio of successful transplantation to duck is, as already 
mentioned, nigh upon 100 per cent., but as in the case of chi- 
ckens, we came across (though on rare occasions!) ducks which 
were found to be immune from transplantation. Of about 150 
ducks (exclusively used for grafting purposes) only two were found 
to possess this immunity. Repeated attempts to transplant on 
these two ducks failed to secure the growth of tumor. 

This duck tumor can easily be re-transplanted into chickens, 
a fact which was mentioned in our previous Report. Experiments 
subsequently conducted, showed that this re-transplantation can 
be effected with as good a result even when the duck tumor 
used is generations old. Thus, it can fairly be asserted that we 
have succeeded in obtaining “tumor common to chickens 
and ducks”. A comparative study of the morphology and 
biology of the tissue of transplanted sarcoma in these two different 
species of birds is of considerable interest, but we will here ref- 
rain from describing the results of such a study. 

The growth of duck sarcoma is rather more active and 
rapid than that of chicken sarcoma. In some cases, it grows as 
big as a hen’s or a goose’s egg in ten days after transplantation. 
By the time a young duck succumbs to growing tumor, the im- 
planted tumor within pectoral muscle often attains the size of a 
goose’s egg, or even of a fist in some exceptional cases. In 
ordinary cases, however, no marked necrosis is yet formed then 
in sarcoma tissue. Whether this character of the tissue will be 
preserved in future transplantation generations, or whether it will 
undergo some changes will constitute one interesting subject of 
study in the biological history of this transplantable tumor. 

Ducks bearing implanted sarcoma are short-lived. In case 
young ducks get implanted tumor formed on both sides of breast, 
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they generally die in ten to fourteen or fifteen days’ time. In the 
case of full-grown ducks, which get implanted tumor formed on 
one side of the breast, they get so emaciated that they are driven 
to the brink of death in a little over twenty days’ time. 

It is clearly noticeable that, in the case of ducks, the 
metabolism of the body is adversely affected by the growth 
of implanted sarcoma. One phenomenon worthy of particular 
attention was that the spleen of ducks, unlike that of chickens, 
showed remarkable swelling, though there were some exceptions. 
(With regard to this swollen spleen, Dr. Saijo, of our Laboratory, 
has made his study, and it is expected that he will have occasion 
to write on it. In organs others than the spleen may also occur 
degenerative tissue metamorphoses indicative of an anomalous 
metabolism, for instancé in the liver.) 

Notwithstanding the fact that duck tumor witnesses a very 
active and rapid growth, no instance of metastasis has come 
under our observation up to the present. This fact may partly 
be due to brief term of existence of such animals. 

Now, we see that chicken sarcoma can be converted into 
perfect duck sarcoma by means of transplantation, and this 
tumor is endowed with a character common to both kinds of 
birds. This knowledge renders to the study of the biological 
relations between this sarcoma tissue and the body of the chicken, 
on one hand, and that of the duck, on the other, a considerable 
interest. Thus, many interesting themes are supplied that can 
be enunciated by extraneous tissue culture and various other 
biological researches. (See the essays by Sumikoshi and Kusaka.) 

The heterotransplantation of tumor from chickens to ducks 
under review is ordinarily caused by the proliferation of the cells 
of implanted sarcoma themselves. 
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II. 


There are some points worthy of special note in connection 
with the heterotransplantation of tumor. 

Even when the heterotransplantation of tumor ends in 
negative results, the implanted sarcoma cells do not always die 
immediately. They can, in some cases, even be fostered for a 
certain period and to a certain extent. Special care is, therefore, 
needed before passing the final pronouncement that heterotrans- 
plantation has produced positive results. The heterotransplantation 
of sarcoma—malignant tumors in particular — cannot be 
safely pronounced positive unless the proliferation of the cells of 
implanted tumor tissue goes on continuously and the tumors keep 
on growing as actively and steadily as before, with the result 
that the health of the animal concerned is considerably impaired. 
Judged by this standard, our transplantation of chicken sarcoma 
to ducks may rightly be pronounced ,, malignant tumor “. 

In order to establish the fact that even in the case of 
heterotransplantation which is bound to end in negative results, 
tumor tissue or tumor cells contained in grafts can preserve for 
a certain space of time their capacity for transplantation, we have 
made experiments with chicken sarcoma in regard to both mam- 
mals and cold blooded animals. One would be inclined to believe 
that chicken tissue (tumor tissue) inoculated in the bodies of 
animals belonging to classes entirely different from the 
feathered tribe would immediately die, but this is not necessarily 
the case. 

(A) The mammals used in these experiments were 
guinea-pigs and rats, and the experiments were repeated 
several times on a number of such animals. Minced pieces of 
chicken sarcoma were first inoculated beneath the skin of these 
animals, and then after a lapse of time of varying duration, 
(eight, eleven, and eighteen days in the cases of guinea-pigs) 
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the inoculated tumor material was taken out, re-implanting it 
subcutaneously or intramuscularly into healthy chickens. The 
tissue of implanted material extracted in this way was, judging 
from the outward appearance, either in the state of necrosis or 
falling into such a state. Our experiments in the re-implantation of 
inoculated tumor material into chickens led but to negative results 
in most cases, as we had anticipated, but in the case of two 
guinea-pigs, in which pieces of chicken sarcoma remained inocu- 
lated for eleven days, positive results were obtained in two places. 
The same experiments in regard to rats (six, nine, twelve, and 
fifteen days) brought comparatively many positive results. To be 
more exact, unmistakable myxosarcoma developed in two places 
of two chickens (which were also all the places where re-implanta- 
tion was made) in the six-day cases, in two places of one chicken 
(which were also all the places of re-implantation) in the nine- 
day case, and in one place of one chicken (one of three places 
of two chickens) in the fifteen-day cases. 

(B) In our experiments in regard to cold blooded ani- 
mals, we, Dr. Ogi and myself (Fujinami), used toads, and our 
experiments were made in different seasons of the year, as the 
bodily metabolism of the toad varies according to seasonal condi- 
tions. The experimental methods employed were the same as 
already described. First, minced pieces of chicken sarcoma 
(sometimes duck sarcoma) were inoculated plentyful under the 
skin of toads, and then these animals were killed after a varying 
lapse of time, so as to extract from their bodies the sarcoma 
pieces inoculated previously and to re-implant them under the 
skin of healthy chickens (or domestic ducks). The sarcoma pieces 
inoculated into the bodies of toad were found, on the whole, to 
retain their formerly external appearance for a comparatively long 
time. Especially in the experiments made in the cold season it 
was found that sarcoma pieces inoculated over thirty days before. 
showed the appearance of fresh material. We carried out the 
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re-implantation of 6-day, 10-day, 11-day, 15-day, 25-day, 33-day 
and 35 day-old inoculated sarcoma pieces, and obtained in un- 
expectedly many cases positive results. For instance, the experi- 
ments in May and July in 6-day-old ones brought positive results 
each time (two out of three chickens experimented upon), and 
two-thirds of the experiments in 10-day-old and 11-day-old ones 
also, yielded similar results (in two places in two chiekens out of 
three places in three chickens). But the experiments in 15-day- 
old and 25-day-old ones (made in June and July) — which were, 
by the way, only few in number — brought negative results. 
Again, in the experiments conducted in the cold season of January 
and March in 33-day-old and 35-day-old ones, grafts clearly showed 
positive results in seven out of eight places in five chickens into 
which re-implantation was made, and in all cases the growth of 
sarcoma was good. 

From the above-mentioned experimental results, it may be 
concluded that although the chicken sarcoma tissue transplanted 
to a cold blooded animal (toad), which belongs to a class 
zoologically entirely different from a chicken, does of course not, 
grow permanently in the body of such an animal, it by no means 
dies immediately. As a matter of fact, it can retain its 
capacity for transplantation for a comparatively long 
time. The same may be said of the transplantation of chicken 
sarcoma tissue to mammals such as guinea-pigs and rats. 


III. 


What aroused our interest all the more in connection with 
experiments with toads, concerns the distribution and pre- 
sence in the body of what we mentioned in a previous 
Report as “tumor producing agent” (see our Report of 
1925), This new fact came to light in the course of the experi- 
ments which I carried out with Dr. Ogi. About the same time 
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that we experimented on toads, we conducted similar experiments 
on birds (pigeons) and mammals (guinea-pigs and rats). Our 
experiments with pigeons consisted, as we had occasion to make 
a few remarks in our previous Report, in extracting lung tissue 
from the birds into which chicken sarcoma had been implanted 
and in inoculating minced pieces of this tissue into the body of 
healthy chickens. The result was that only in a few cases the 
development of myxosarcoma tissue was witnessed. Similar 
experiments were subsequently made with regard to guinea-pigs 
and rats. The transplantation of lung tissue of guinea-pigs 
failed to produce any positive results, while in the case of the 
lung tissue pieces (spleen pieces were also used) of rats, they 
developed myxosarcoma, though not very briskly, only in one 
place out of eighteen places in eleven chickens where they had 
been implanted. In these experiments, sarcoma was taken out 
of a chicken bearing it, and minced pieces of it were inoculated 
beneath the skin of rats. Then, fifteen days afterwards, the 
lungs were extracted from these rats, and lung tissue pieces were 
implanted into chickens subcutaneously. 

With toads, experiments of this kind produced rather 
favourable results. Toads bearing chicken sarcoma pieces im- 
planted plentifully under their skin were killed after varying 
periods of time, and then the lungs, livers and spleens were 
taken out very carefully, implanting the minced pieces of these 
organs either beneath the skin or in the pectoral muscle of healthy 
chickens. We can affirm than in extracting the organs from toads, 
we most scrupulously avoided touching either the pieces of the 
chicken sarcoma previously inoculated beneath their skin or the 
region containing them. In these experiments, the lung tissue 
pieces of the toads, into which the pieces of chicken sarcoma 
had been implanted five and six days previously, were implanted 
into six healthy chickens in fourteen different places. Of these, 
myxosarcoma clearly developed in four chickens in nine places, 
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and this sarcoma proved to be transplantable to other chickens. 
In other experiments with toads bearing chicken sarcoma pieces 
of older inoculation, that is, nine days, eleven days, fifteen days, 
and twenty-one days, no case has so far come under our notice 
which can be confidently pronounced as showing positive results, 
but in one solitary instance (a 15-day case) the results obtained 
were somewhat positive. 

The above-mentioned results may at first sight seem strange, 
but there is no room what so ever for doubting their authenticity. 
We already reported in 1925, that when the tissue of the organs 
(which show no outward sign of abnormality) containing “tumor 
producing agent”, which is distributed in the regions other 
than the tumor-affected portion of the body of a chicken bearing 
chickensarcoma, presumably through blood circulation, is im- 
planted into healthy chickens, the same kind of tumor develops 
at the spot of implantation, and that if simple granulation tissue 
or artificially caused inflammatory spots are created in any portion 
of the body of a chicken bearing sarcoma, “tumor pro- 
ducing agent” operates there (probably through the intermediary 
of blood circulation) and often results in the formation of the 
same kind of sarcoma. Our new experiments, have furthermore, 
established the fact that this “tumor producing agent” can 
be made to be so distributed and retained not only in the organs 
of chickens, ducks or other birds belonging to the same zoological 
class, but also in the organs of animals of other classes, 
such as mammals (rats, for instance) and cold blooded 
animal (toads). 

Whether this ‘‘ tumor producing agent ’’ represents tumor 
themselves, or whether it embodies a specific kind of microor- 
ganism or whether it is some peculiar substance developing out 
of tumor cells was a matter which called for some attention in 
our experiments, but as no exclusive results have yet been 


secured, we will refrain from any reference to our research in 
this respect in the present Report. 
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On the Relation between the Cancer Morbidity 
and the Blood types, with reference to 
the Disposition of the Cancer 


By 


Dr. Hideo Terada. 


(From the Pathological and Bacteriological Institut, Medical 
College, Keio University, Tokyo.) 


I have tried to examine the types of the blood of cancer 
patients, the relation to that of healthy persons being taken into 
the consideration. The result obtained is as follows: 


The types of blood. O A B AB Total 
The — = 28. 47. 25. 14. 109 
(21,1%) (43,1%) (22,9%) (12,8%) 

examined. 


According to the frequence of the morbidity of cancer, the 
blood types are to be classified as follows: A —B—O— AB. 
It must be an important fact that the order above described 
differs from that determined by the examination of healthy 
persons from the same view point. Being calculated from the 
total number (3097) reported by Dr. Shirai, Dr. Nakajima, etc., 
the order of the blood types is as follows: 

A (38,42%) —O (31,29%) —B (21,02%) — AB (9,27%). 

As easily to be seen, the order of the blood types of cancer 
patients is distinguished from that of healthy persons by two 
factors, i.e. 1) by the considerable increase of the percentage in 
the type A, 2) by the remarkable decrease of the percentage in 
the type O, while it is nearly equal in the type B. 

It is a curious fact that the cancer holds the choice for 
the blood types or the property of the blood, i.e. it likes the 
type A to the utmost and hates the type O to the last degree. 
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It is generally believed that the genesis of cancer takes 
place by the coexistence both of the external and the internal 
causes, as with other diseases. But the term “ internal cause ” 
expresses simply an abstract idea and there is no clear scientific 
explanation form the stand point based on reliable facts. 

According to the facts which I have learned the internal 
cause of the cancer, i.e. the so-called disposition on the cancer 
is to be considered as it is interwoven with the properties of the 
blood or it holds some close interrelationship with it. Now, since 
the types of the blood should be an expressions of the chemical 
or the physical or the physico-chemical property of the blood, the 
disposition to the cancer would consequently be a process or 
condition of chemical or physical or physico-chemical nature. 
From this view point, my report may be the first to throw 
some light into the darkness of the concept of the so called 
“ disposition ”. 

The relation between cancer mortality and blood types in 
various districts in Japan as well as in various foreign countries 


was also considered and the same relationship was found. 
(Abstracted by the Author.) 
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